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SHEET TRANSPORTAPPARATUS AND 
IMAGE FORMINGAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a sheet transport apparatus 

and an image forming apparatus, and more particularly to a 
sheet transport apparatus in an image forming apparatus hav 
ing registration means which feeds sheets to image forming 
CaS. 

2. Description of the Relates Art 
A conventionally known image forming apparatus such as 

copying machines, printers, facsimile machines and a multi 
function machines thereof includes an image forming unit for 
forming an image on a sheet, a sheet transportunit for feeding 
a sheet to the image forming unit, and a sheet discharging unit 
for discharging the sheet on which the image was formed by 
the image forming unit out from the image forming apparatus. 
There is also a known image forming apparatus having a sheet 
inverting transfer path which inverts a sheet on which an 
image was formed by the image forming unit to form images 
on both surfaces of the sheet and which feed the sheet to the 
image forming unit again. 
A conventional example of Such an image forming appa 

ratus will be explained with reference to FIGS. 14 and 15. 
FIG. 14 is a schematic sectional view of an electrophoto 
graphic type copying machine as a conventional image form 
ing apparatus. This electrophotographic type copying 
machine (simply copying machine, hereinafter) includes a 
document reading unit 4 for reading an image of an original, 
an image forming unit for forming an image on a sheet in an 
electrophotographic type based on image information readby 
the document reading unit 4, and a plurality of sheet transport 
units, and the copying machine can feed a plurality of sheets 
from each sheet transport unit to the image forming unit 
continuously. 

In FIG. 14, a reference number 1 represents a copying 
machine body. An original base plate 2 comprising a clear 
glass plate is fixed to an upper portion of the copying machine 
body 1. A reference number 3 represents an original Supply 
ing apparatus. The original Supplying apparatus 3 conveys 
originals to a predetermined position of the original base plate 
2. 

In the copying machine, an image of the original on the 
original base plate 2 is read by the document reading unit 4 
and based on this data, a writing laser unit 5 in the image 
forming unit radiates laser light and scans the uniformly 
charged photosensitive member drum 12, thereby forming an 
electrostatic latent image on the photosensitive member drum 
12. 

The copying machine is provided with deck Supply units 34 
and 35 and cassette supply units 36 and 37 which supply 
decks 30 and 31 incorporated in the copying machine body 1 
and sheets loaded on sheet cassettes 32 and 33. 
The image forming unit includes the photosensitive mem 

ber drum 12, a charger 13 for uniformly charging a surface of 
the photosensitive member drum 12, a development unit 14 
which develops an electrostatic latent image formed on the 
surface of the photosensitive member drum 12 which is 
charged by the charger 13, and which forms a toner image to 
be transferred to a sheet S, a transfer charger 19 for transfer 
ring the toner image developed on the Surface of the photo 
sensitive member drum 12 to the sheet S, a separation charger 
20 for separating the sheet S on which the toner image is 
transferred from the photosensitive member drum 12, and a 
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2 
cleaner 26 for removing toner remaining on the photosensi 
tive member drum 12 after the toner image is transferred. 
The image forming unit is provided at its downstream side 

with a transportunit 21 for transporting the sheet S on which 
the toner image is transferred, and a fixing unit 22 which fixes 
the toner image on the sheet S transported by the transport 
unit 21 as a permanent image. The image forming unit further 
includes an output roller 24 for discharging the sheet S on 
which the toner image is fixed by the fixing unit 22 from the 
copying machine body 1. The copying machine body 1 is 
provided at its outer side with an output tray 25 for receiving 
the sheet S discharged by the output roller 24. 

In the copying machine, transport rollers 105, 107, 108, 
109. 110, 111, 112 and 123 as sheet supply units, and sheet 
path sensors 104,116,117 and 118 for detecting a leading end 
and a rear end of the sheet are disposed on a transport path on 
which the sheet is transported from the sheet transportunit to 
the image forming unit. The sheet Supplied by the transport 
rollers is fed to the image forming unit by a registration roller 
106. A registration sensor 120 for detecting the leading end of 
the sheet is disposed in the vicinity of the upstream side of the 
registration roller 106 in the sheet conveying direction. 

Here, the transport roller 107 is a pre-registration roller for 
feeding a sheet transported from the sheet transportunit to the 
registration roller 106. The first transport roller 105, the sheet 
path sensor 104, the second transport roller 108, the third 
transport roller 109, the sheet path sensor 116, the fourth 
transport roller 110 and the sheet path sensor 117 are disposed 
in this order on a sheet transport path upstream side of the 
pre-registration roller 107. 
A sheet transport path connected to the deck supply unit 35 

is branched from the transport path between the pre-registra 
tion roller 107 and the first transport roller 105. The fifth 
transport roller 111, the sheet path sensor 104, a sixth trans 
port roller 112, a sheet path sensor 118 and a seventh transport 
roller 123 are disposed in this order on this sheet transport 
path. 
A sheet inverting path is branched off from a transport path 

between the sixth transport roller 112 and the seventh trans 
port roller 123. A sheet path sensor 119, a both-sided right 
roller 113, a both-sided left roller 114, an inverting roller 115 
which rotates in both normal and reverse directions, and a 
sheet inverting unit 121 are disposed in this order from down 
stream side of the sheet inverting path. In this copying 
machine, to form images on both Surfaces, a sheet on which 
an image is formed by the image forming unit is inverted by 
the sheet inverting unit 121 and the inverting roller 115 and 
fed to the sheet inverting path, and is again Supplied to the 
image forming unit through the both-sided left roller 114, the 
both-sided right roller 113, the sixth transport roller 112, the 
fifth transport roller 111, the pre-registration roller 107 and 
the registration roller 106 in this order. 
A driving force of a driving motor (not shown) is transmit 

ted to the above-described rollers so that the rollers are rotated 
and driven. The rotations of the rollers are controlled by a 
control unit (not shown) based on detection results of the 
sheet path sensors. 

Next, the operation of the conventional copying machine 
when a sheet is supplied will be explained with reference to 
FIG. 15 based on a case in which the sheet is supplied from a 
deck Supply unit 34. FIG. 15 is a diagram showing a posi 
tional relation and the like of a leading end and a rear end of 
a sheet when the sheet is supplied from the deck supply unit 
34. 
When the supply of sheets is started, a pickup roller 101, a 

supply roller 102, a separation roller 103, the first transport 
roller 105 and the pre-registration roller 107 are rotated and 
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driven by the driving motor. At that time, the registration 
roller 106 is still in its stopped state. 
When the sheets are supplied, sheets S set in the sheet deck 

30 are supplied to the supply roller 102 by the pickup roller 
101. The sheet S is provided such as to be opposed to the 
Supply roller 102, and a force rotating in the opposite direc 
tion to the conveying direction is given to the separation roller 
103 with constant torque. Only the uppermost sheet is sepa 
rated from the sheets S by the separation roller 103. 
The leading end of this uppermost sheet is detected by the 

sheet pass sensor 104, and is conveyed by the first transport 
roller 105. 
At that time, to adjust a interval between sheets, i.e., to 

carry out a so-called pre-registration operation, control is 
performed in such a manner that the rotation of the first 
transport roller 105 is temporary stopped based on the detec 
tion timing of the sheet leading end by the sheet pass sensor 
104, the leading end of the sheet which is being transported by 
the first transport roller 105 is stopped at a predetermined 
position on the transport path, and after a predetermined time 
is elapsed, the rotation of the first transport roller 105 is 
restarted. 

That is, in the sheet transport unit, a sheet whose leading 
end is in a normal loading position of the sheet deck 30, and 
a sheet whose leading end is located near the supply roller102 
are also supplied, the leading end positions when the Supply is 
started are varied, and it is necessary to eliminate this varia 
tion at the upstream side of the registration roller 106. 
More specifically, as shown in FIGS. 14 and 15, the first 

transport roller 105 is temporary stopped with timing at 
which the sheet leading end comes on the predetermined 
position (pre-registration position) A on the transport path 
after the sheet leading end is detected by the sheet pass sensor 
104, and the stop position of the sheet leading end is con 
firmed. Then, control is performed to restart the first transport 
roller 105 based on time B (B=(distance C to the registration 
roller 106)/(sheet conveying speed f of the first transport 
roller 105 required until the sheet reaches the registration 
roller 106) at which it is assumed that the sheet leading end 
reaches the registration roller 106. 

Thereafter, the sheet reaches the registration roller 106 
through the pre-registration roller 107. Here, the sheet is 
Supplied by a constant amount by the pre-registration roller 
107 in a state which the leading end of the sheet butts against 
the stopped registration roller 106, and the entire sheet forms 
a loop, thereby correcting the skew of the sheet. Then, the 
registration roller 106 starts rotating at a constant speed (pro 
cess speed) C, the sheet is fed to the image forming unit with 
timing of the image forming operation, and a toner image is 
transferred on the upper Surface. 

The sheet which passed the image forming unit is fed to the 
fixing unit 22 by the transport unit 21 and a toner image is 
fixed thereon. In the case of a single-sided copy, the sheet is 
placed on the output tray 25 through the output roller 24. In 
the case of a both-sided copy, the sheet is inverted by the sheet 
inverting unit 121 and then, the sheet is conveyed on the sheet 
inverting path by the inverting roller 115, the both-sided left 
roller 114 and the both-sided right roller 113, and is fed to the 
image forming unit again. 

Here, as timing at which Supply of second and Subsequent 
sheets is started at the time of continuous feeding, the Supply 
is started after a constant time is elapsed after the immediately 
preceding sheet restarted from the first transport roller 105, 
and the Supply is controlled in the same manner as described 
above. 
When sheets are continuously supplied from the other deck 

supply unit 35 or the cassette supply units 36 and 37 also, the 
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4 
same pre-registration operation is carried out. When sheets 
are transported from any one of the sheet transport unit and 
the both-sided copy is carried out, the rotation of the both 
sided right roller 113 is temporary stopped between the sheet 
path sensor 119 and a merging portion between the deck 
supply unit 35 and the both-sided transport path based on 
detection timing of the sheet leading end by the sheet path 
sensor 119 on the both-sided transport path, and the pre 
registration operation for restarting the rotation after a con 
stant time is elapsed is carried out. 

In this manner, according to the conventional copying 
machine, the variation in the sheet leading end position at the 
sheet transport unit is eliminated by carrying out the pre 
registration operation, the position of the sheet leading end is 
defined, and the sheet is fed to the registration roller 106 
stably. The conveying speed B on the transport path from the 
sheet transport unit to the registration roller 106 is set faster 
than the sheet conveying speed (process speed C. of the reg 
istration roller 106) at the image forming unit so that even 
when the sheet is temporary stopped in the transport path by 
the pre-registration operation, the next sheet can catch up the 
immediately preceding sheet. 

Japanese Patent Application Laid-open No. 2002-029649 
discloses the following control. 

In a high speed copying machine, the need for writing an 
image within a previously printed frame is increased, and 
deviation (0.5 mm or less) of a position where an image with 
respect to the sheet is written becomes a problem. Such posi 
tional deviations include three elements, i.e., a “leading end 
registration deviation' which is a positional deviation of the 
leading end in the sheet conveying direction, a “lateral end 
registration deviation” which is a positional deviation of an 
end of the sheet in the widthwise direction perpendicular to 
the sheet conveying direction, and an "skew feeding in 
which a sheet is inclined in the sheet conveying direction. In 
the conventional example, the “leading end registration 
deviation' is caused by a difference in an entering degree of a 
sheet into the roller nip portion when the sheet butts against 
the registration roller (a thicksheet does not enter to the depth 
portion of the nip portion of the registration roller, and a thin 
sheet enters the depth portion of the nip portion), and is varied 
depending upon a connection variation of an electromagnetic 
clutch which starts rotation of the registration roller. The 
“lateral registration deviation' is varied due to positional 
deviations of the decks 30 and 31 and the each sheet cassettes 
32 and 33, and due to insufficient pressing force of a pressing 
member (not shown) which presses the sheet in these units. 
The "skew feeding has a problem that if the sheet butts 
against the registration roller to form a loop to correct the 
skew of the sheet, the sheet can not be corrected skew when 
the sheet has large skew amount. 
To solve the problems of the conventional technique, it is 

conceived that skew feeding correcting apparatuses 200a, 
200b, 201a and 201b and image writing position shifting 
apparatuses 202 and 203 as shown in FIGS. 16 and 17 are 
provided. The skew feeding correcting apparatuses correct 
the skew feeding of the sheet S utilizing a speed difference 
between the skew correcting rollers 200a and 200b whose 
speeds can independently be controlled, and the skew feeding 
correctingapparatuses obtain the speed difference from infor 
mation of the two correction sensors 201a and 201b provided 
near the downstream sides of the rollers 200a and 200b and 
perform the control. Each of the image writing position shift 
ing apparatuses comprises a leading end detection sensor 202 
which detects the leading end of the sheet in the conveying 
direction, and a CIS sensor 203 which detects a position of an 
end (lateral end) of the sheet in the widthwise direction per 
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pendicular to the conveying direction, and the image writing 
position shifting apparatus is disposed such that it can detect 
the position of the sheet before the timing at which the laser 
unit 5 starts writing on the photosensitive member drum 12. 
That is, the image writing position shifting apparatus is dis 
posed downstream side from the skew feeding correcting 
apparatus and upstream side from the pre-transfer driving 
roller 309 which feeds the sheet, and the image writing posi 
tion shifting apparatus moves the writing position of the laser 
unit 5 with respect to the photosensitive member drum 12 by 
a control unit (not shown) based on the information of these 
two sensors 202 and 203. With this, it is possible to realize the 
writing position with high precision, and to write an image on 
a sheet within a previously printed frame with high precision. 

However, even if the interval between the sheets is adjusted 
by the pre-registration operation, transfer variation after the 
pre-registration operation generates slight deviation of inter 
Val between sheets. In the case of a static skew feeding cor 
rection in which skew feeding is corrected while butting a 
sheet leading end against the registration roller and stopping 
the sheet leading end after the pre-registration operation as 
shown in FIGS. 14 and 15, if the rotation starting time of the 
temporarily stopped registration roller is adjusted, it is pos 
sible to adjust the deviation of interval between sheets, but in 
the case of dynamic skew feeding correction in which the 
skew of the sheet is corrected by the speed difference between 
the two skew correcting rollers without stopping the sheet 
leading end as shown in FIGS. 16 and 17, especially when the 
number of sheets (PPM (Page Per Minute) hereinafter) to be 
printed per one minutes is high like a high speed copying 
machine, PPM is not stabilized by the slight deviation of 
interval between sheets, and even if the high precision writing 
position with respect to the sheet can be realized, there is a 
possibility that the productivity is not stabilized. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to satisfy both the 
high precision writing position with respect to a sheet and the 
productivity even when skew feeding correction of the sheet 
is dynamically carried out without stopping the sheet leading 
end after the pre-registration operation. 

To achieve the above object, the present invention is char 
acterized in that. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic sectional view showing an outline 
structure of a copying machine according to an embodiment. 

FIG. 2 is a schematic front view of an image forming unit 
in the copying machine. 

FIG. 3 is a sectional view of an essential portion of the 
image forming unit. 

FIG. 4 is a side sectional view of two units in the copying 
machine. 

FIG. 5 is a diagram showing a positional relation and the 
like of a leading end and a rear end of a sheet when the sheet 
is Supplied. 

FIG. 6 is a partial enlarged view of the diagram shown in 
FIG.S. 

FIG. 7 is a partial enlarged view of the diagram shown in 
FIG.S. 

FIG. 8 is a partial enlarged view of the diagram shown in 
FIG.S. 

FIG. 9 is a plan view showing skew feeding correction 
means and sheet interval control means in front of a transfer 
position in the copying machine according to the embodi 
ment. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
FIG. 10 is a plan view showing a case in which the sheet 

interval control means has one sensor. 
FIG. 11 is a plan view showing a case in which the sheet 

interval control means has one sensor. 
FIG. 12 is a plan view showing skew feeding correction 

means and sheet interval control means in front of a transfer 
position in the copying machine according to the embodi 
ment. 

FIG. 13 is a plan view showing skew feeding correction 
means and sheet interval control means in front of a transfer 
position in the copying machine according to the embodi 
ment. 

FIG. 14 is a diagram showing an essential portion of a 
conventional apparatus. 

FIG. 15 is a diagram showing an essential portion of a 
conventional apparatus. 

FIG. 16 is a diagram showing an essential portion of a 
conventional apparatus. 

FIG. 17 is a diagram showing an essential portion of a 
conventional apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An image forming apparatus according to an embodiment 
of the present invention will be explained in detail with ref 
erence to the drawings. In the embodiment explained below, 
a copying machine as an image forming apparatus to which 
the invention is applied is shown. 

FIG. 1 is a schematic sectional view showing an outline 
structure of a copying machine according to the embodiment. 
FIG. 2 is a schematic front view of an image forming unit in 
the copying machine. FIG.3 is a sectional view of an essential 
portion of the image forming unit. FIG. 4 is a side sectional 
view of two units in the copying machine. FIG. 5 is a diagram 
showing a positional relation and the like of a leading end and 
a rear end of a sheet when the sheet is supplied. FIGS. 6 to 8 
are partial enlarged views of the diagram shown in FIG. 5. 
FIGS. 9, 12 and 13 are plan views showing skew feeding 
correction means and sheet interval control means in front of 
a transfer position in the copying machine according to the 
embodiment. FIGS. 10 and 11 are plan views showing a case 
in which the sheet interval control means has one sensor. 

First, units of the copying machine will be explained 
briefly and then, a control of skew feeding correction of sheet 
and interval between sheets after a pre-registration operation 
will be explained. 
As shown in FIGS. 1 to 4, in the copying machine accord 

ing to this embodiment, three units 311, G1 and H1 can be 
pulled out from a copying machine body (image forming 
apparatus body). Members of the copying machine having the 
same functions as those of the above-described conventional 
technique are designated with the same symbols, and expla 
nation thereof will not be described. 

In an image forming unit 311 shown in FIGS. 2 and 3. 
reference numbers 301 and 302 represent an image forming 
unit front side plate and an image forming unit rear side plate, 
and they support the photosensitive member drum 12, the 
charger 13, the development unit 14 and the cleaner 26. A 
reference number 303 represents a right frame connecting the 
image forming unit front side plate 301 and the image form 
ing unit rear side plate 302 with each other. A reference 
number 304 represents a right lower frame which is located 
below the development unit 14 and which connects the image 
forming unit front side plate 301 and the image forming unit 
rear side plate 302 with each other. A reference number 305 
represents a left frame which is located above the cleaner 26 
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and which connects the image forming unit front side plate 
301 and the image forming unit rear side plate 302 with each 
other. A reference number 306 represents a registration upper 
guide which functions as a frame connecting the image form 
ing unit front side plate 301 and the image forming unit rear 
side plate 302, and also functions as a guide of one of sheet 
guides at the registration unit. Reference numbers 306a and 
306b represent positioning holes formed in the registration 
upper guide 306. Reference number 307a and 307b represent 
driving motors (stepping motors) which drives the skew cor 
recting rollers 200a and 200b, and they are mounted on the 
right lower frame 304. Reference numbers 308a and 308b 
represent driving belts which connect the driving motors 
307a and 307b and the skew correcting rollers 200a and 200b 
with each other. The correction sensors 201a and 201b, the 
leading end detection sensor 202 and the CIS sensor 203 are 
supported by the registration upper guide 306. A reference 
number 309 represents the pre-transfer driving roller located 
upstream side from the transfer position and downstream side 
from the skew correcting rollers 200a and 200b. Ends of 
shafts 310 of the skew correcting rollers 200a and 200b are 
supported by the image forming unit front side plate 301 and 
the image forming unit rear side plate 302 like the pre-transfer 
driving roller 309. These members constitute the image form 
ing unit 311. The image forming unit 311 can be pulled out 
from the copying machine body by the slide rails 311a and 
3.11b at the time exchange of the development unit 14 and at 
the time of maintenance of the skew correcting rollers 200a 
and 200b, the correction sensors 201a and 201b, the leading 
end detection sensor 202, the CIS sensor 203 and the pre 
transfer driving roller 309, so that it is easy to access the 
image forming unit 311. When the image forming unit 311 is 
pulled out from the copying machine body and when the 
image forming unit 311 is mounted on the copying machine 
body, the relative position of the image forming unit 311 in 
the image forming unit is not deviated. 
As shown in FIGS. 1 and 4, the unit G1 includes a regis 

tration lower guide unit 312. The registration lower guide unit 
312 is provided with a registration lower guide 313 such that 
it is opposed to the registration upper guide 306 of the image 
forming unit 311. The registration lower guide 313 is pro 
vided with registration lower guide projections 313a and 
313b which engage with the positioning holes 306a and 306b 
of the image forming unit 311. The registration lower guide 
313 is provided with a pre-transfer driven roller 314 which is 
opposed to the pre-transfer driving roller 309 of the image 
forming unit 311, and with skew correction driven rollers 
315a and 315b which are opposed to the skew correcting 
rollers 200a and 200b of the image forming unit 311. The 
registration lower guide unit 312 can vertically move by an 
elevator 316. When the registration lower guide unit 312 is in 
the lifted up position, the registration lower guide projections 
313a and 313b engage with the positioning holes 306a and 
306b of the registration upper guide 306, the pre-transfer 
driving roller 309, the pre-transfer driven roller 314, the skew 
correcting rollers 200a and 200b and the skew correction 
driven rollers 315a and 315b abut against the registration 
lower guide unit 312 so that a sheet can be sandwiched and 
conveyed. If the registration lower guide unit 312 is lowered, 
the engagement of the registration lower guide projections 
313a and 313b with respect to the positioning holes 306a and 
306b of the registration upper guide 306 is released, and the 
pre-transfer driving roller 309, the pre-transfer driven roller 
314, the skew correcting rollers 200a and 200b and the skew 
correction driven rollers 315a and 315b are also separated. 
Reference numbers 317a and 317b represent sheet interval 
control sensors and they are located upstream side from the 
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8 
skew correcting rollers 200a and 200b. These members con 
stitute the unit G1. The unit G1 can be pulled out from the 
copying machine body forward of the copying machine by 
slide rails G1a and G 1b. 

A resupply unit H1 is used at the time of both-sided copy. 
As shown in FIGS. 1 and 4, the resupply unit H1 includes the 
fifth transport roller 111, the sixth transport roller 112, the 
both-sided right roller 113, the both-sided left roller 114, the 
inverting roller 115, the seventh transport roller 123 and the 
like. The resupply unit H1 can be pulled out forward of the 
copying machine by side rails H1a and H1b. 

In this embodiment, transfer speeds of sheet of the rollers 
provided on the sheet transport path and the both-sided trans 
port path can be switched by the control unit 130 in the 
following manner. 

That is, the second pre-registration roller 204 and the pre 
registration roller 107 shown in FIG. 1, the first transport 
roller 105 as pre-registration transfer means located upstream 
side of the pre-registration roller 107 in the sheet conveying 
direction, and the second transport roller 108 at upstream side 
of the first transport roller 105 in the sheet conveying direc 
tion can be switched between the process speed C. which is the 
sheet transfer speed of the photosensitive member drum 12 
and a first speed 3 which is faster than the process speed C. 
These rollers 204,107,105 and 108 respectively have release 
solenoids 204a, 107a, 105a and 108a and release arms 204b, 
107b, 105b and 108b, and if the solenoids are turned ON, the 
pressure can be released. 

Further, the third transport roller 109 located upstream side 
of the second transport roller 108 in the sheet feeding direc 
tion, the fourth transport roller 110 located upstream side of 
the third transport roller 109 in the sheet feeding direction, the 
fifth transport roller 111, the sixth transport roller 112 located 
upstream side of the fifth transport roller 111 in the sheet 
feeding direction, and the seventh transport roller 123 located 
upstream side of the sixth transport roller 112 in the sheet 
feeding direction are rotated and driven at the first speed f. 
The fifth transport roller 111 and the sixth transport roller 112 
respectively have release solenoids 111a and 112a and 
release arms 111b and 112b for releasing the pressure of the 
rollers, and if the solenoids are turned ON, the pressure can be 
released. 

The both-sided right roller 113 and the both-sided left 
roller 114 disposed on the both-sided transport path and the 
inverting roller 115 disposed in the sheet inverting unit 121 
can be switched between the first speed Band second speedy 
used when a sheet is inverted. 

The sheet path sensors 104, 116, 117, 118 and 119 are 
disposed in the same manner as that of the conventional 
technique, and detection signals of sheet from the sheet path 
sensors are supplied to the control unit 130. The control unit 
130 controls the rotation of the transport rollers based on 
detection timing from the sheet path sensors. 
When sheets are continuously supplied, the control unit 

130 carries out the pre-registration operation, the control 
operation of interval between sheets after the pre-registration 
operation, and the sheet skew feeding correction operation in 
succession. Details thereof will be explained later. 
The sheet transport operation in the copying machine of 

this embodiment will be explained based on a case in which 
sheets are supplied from the deck supply unit 34. FIG. 5 is a 
diagram showingapositional relation and the like of a leading 
end and a rear end of a sheet when the sheet is supplied from 
the deck supply unit 34. 
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When the supply of the sheets is to be started, the pickup 
roller 101, the supply roller102, the separation roller 103, the 
first transport roller 105 and the pre-registration roller 107 are 
rotated and driven. 
When the sheets are supplied, the sheets S set in the sheet 

deck 30 are supplied to the supply roller 102 by the pickup 
roller 101. Only the uppermost sheet is separated from the 
sheets S by the separation roller 103 which is opposed to the 
supply roller 102, and to which a force rotating in the opposite 
direction from the conveying direction with a constant torque 
is applied. 
The leading end of this uppermost sheet is detected by the 

sheet pass sensor 104, and the sheet is transported by the first 
transport roller 105. 

At that time, to adjust a interval between sheets, i.e., to 
carry out a so-called pre-registration operation, control is 
performed in such a manner that the rotation of the first 
transport roller 105 is temporary stopped based on the detec 
tion timing of the sheet leading end by the sheet pass sensor 
104, the leading end of the sheet which is being transported by 
the first transport roller 105 is stopped at a predetermined 
position on the transport path, and after a predetermined time 
is elapsed, the rotation of the first transport roller 105 is 
restarted. 

That is, in the sheet transport unit, a sheet whose leading 
end is in a normal loading position of the sheet deck 30, and 
a sheet whose leading end is located near the supply roller102 
are also supplied, the leading end positions when the Supply is 
started are largely varied. It is necessary that this variation is 
corrected by the pre-registration operation which will be 
explained later, the deviation of interval between sheets gen 
erated after the pre-registration operation is reduced using the 
sheet interval control sensors 317a and 317b constituting the 
sheet interval control means after the pre-registration opera 
tion and before transfer. 

In this embodiment, as shown in FIG. 9, as a structure for 
correcting the deviation of interval between sheets generated 
after the pre-registration operation, there is provided the skew 
feeding correction means (skew correcting rollers 200a and 
200b, correction sensors 201a and 201b and the like) which 
corrects the skew feeding of the sheet with respect to the 
image forming position (transfer position) where an image is 
formed on the sheet, and which feeds the sheet, and the sheet 
interval control means which is provided upstream side from 
the skew feeding correction means in the conveying direction, 
and which changes the timing of reducing speed from the 
transfer speed f which is faster than the transfer speed C. of 
sheet in the image forming position to the transfer speed C. 
thereby controlling the distance between a rear end of the 
immediately preceding sheet to a leading end of a next sheet. 
The sheet transportunit as the sheet transport apparatus com 
prising the skew feeding correction means and the sheet inter 
Val control means is disposed on a sheet transfer path between 
the sheet transportunit comprising the transportunits 34 to 37 
and the image forming unit comprising the photosensitive 
member drum 12. 
The sheet interval control means includes the sheet interval 

control sensors 317a and 317b as the second detection means, 
and controls the sheet transfer speed by the transport rollers 
located upstream side from the sheet interval control sensors 
317a and 317b by means of the control unit 130. With this, the 
timing for reducing the speed from the transfer speed B which 
is faster than the transfer speed C. of sheet in the image 
forming position to the transfer speed C. as described above. 
Details thereof will be explained later. 

Next, the pre-registration operation and the sheet transport 
unit according to the embodiment will be explained. 
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As shown in FIGS. 1 and 5, the first transport roller 105 is 

temporary stopped with timing at which the sheet leading end 
comes on the predetermined position (pre-registration posi 
tion) A on the transport path after the sheet leading end is 
detected by the sheet pass sensor 104, and the stopped posi 
tion of the sheet leading end is confirmed. Then, control is 
performed to restart the first transport roller 105 based on time 
B (B=(distance C to the sheet interval control sensors 317a 
and 317b)/(sheet conveying speed B of the first transport 
roller 105 required until the sheet reaches the sheet interval 
control sensors 317a and 317b) at which it is assumed that the 
sheet leading end reaches the sheet interval control sensors 
317a and 317b. If the sheets are to be supplied continuously, 
restart is carried out such that the leading end of the next sheet 
reaches the sheet interval control sensors 317a and 317b 
when time J is elapsed after the rear end of the rear end of the 
immediately preceding sheet passes through the sheet inter 
val control sensors 317a and 317b. The variation in position 
of the sheet leading end in the sheet transporting unit is 
corrected by carrying out such a pre-registration operation. 

Here, as shown in FIG. 6, the time J can be expressed as 
J=(K+M+P)/O-L-P/B, wherein Krepresents length of a pre 
determined interval between sheets, L represents time during 
which speed is reduced from the speed B to speed C. M 
represents a distance through which a decelerated sheet 
moves during the time L, N represents a deceleration position 
where deceleration is started when a sheet reaches the sheet 
interval control sensors 317a and 317b from the pre-registra 
tion position A on schedule time B, and P represents a dis 
tance between the sheet interval control sensors 317a and 
317 b. 

However, as shown in FIG. 1, since a sheet passes through 
a bent path from the pre-registration position A and the sheet 
interval control sensors 317a and 317b, the actual time during 
which the sheet leading end reaches the sheet interval control 
sensors 317a and 317b from the pre-registration position A is 
slightly varied with respect to the expected time B, and slight 
variation is generated with this variation. Thereupon, as 
shown in FIGS. 7 and 8, deviation time Q between the actual 
arrival time to the sheet interval control sensors 317a and 
317b and the expected time B is moved within a range of an 
area R (area between the sheet interval control sensors 317a 
and 317b and the skew correcting rollers 200a and 200b), i.e., 
timing at which the speed is reduced from the transfer speed 
B which is faster than the process speed to the transfer speed 
C. which is the process speed is changed, the deviation of 
interval between sheets is corrected. More specifically, when 
the arrival time of the sheet leading end at the actual sheet 
interval control sensors 317a and 317b is faster than the 
expected time B by the time Q, a distance between the decel 
eration position N and the sheet interval control sensors 317a 
and 317b is set to P-Qxf3 as shown in FIG. 7, and if the arrival 
time is slower than the expected time B by the time Q, the 
distance between the deceleration position N and the sheet 
interval control sensors 317a and 317b is set to P+Qxf3 as 
shown in FIG.8. With this, the deviation of interval between 
sheets generated after the pre-registration operation is cor 
rected based on the equation expressed with the time J. With 
this, even if slight deviation of interval between sheets is 
generated after the pre-registration operation, the slight 
deviation of interval between sheets can be corrected, and 
deterioration of productivity caused by the interval between 
sheets can be prevented. 

Next, control for correcting the skew feeding of sheets will 
be explained in detail. The sheet leading end is sandwiched 
between the skew correcting rollers 200a and 200b as transfer 
rotation bodies constituting the skew feeding correction 
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means, and the skew amount is detected by the correction 
sensors 201a and 201b as the first detection means located 
downstream side of the skew correcting rollers. Then, releas 
ing solenoids 204a and 107a (also releasing solenoid 105a 
and 108a depending upon size of the sheet) are operated, and 
pressures of the transport rollers located upstream side from 
the skew correcting rollers 200a and 200b are released. Next, 
when the leading end of the sheet is located in an skew feeding 
correction area T (area between the correction sensors 201a 
and 201b and the sensors 202 and 203), the skew correcting 
roller on the advancing side of the sheet leading end of skew 
feeding sheet is temporarily decelerated by a correction 
amount. The skew correcting rollers are rotated and driven by 
the driving motor (stepping motor). This decelerate control is 
because that if the stepping motor is accelerated within short 
time and then the motoris decelerated to its original speed, the 
possibility that the step motor is brought out of step and 
stopped becomes high. To avoid this case, after the stepping 
motor is decelerated, the stepping motor is accelerated to its 
original speed. 

With this, the skew feeding of the sheet is corrected. At the 
time of correction of skew feeding by the skew correcting 
rollers, since the pressure of each transport roller located 
upstream side from the skew correcting roller is released, the 
skew feeding of the sheet is corrected without resistance. In 
this embodiment, the skew correcting roller 200a and the 
correction sensor 201a, as well as the skew correcting roller 
200b and the correction sensor 201b are disposed on the same 
axis in the widthwise direction perpendicular to the sheet 
conveying direction and at symmetric positions with respect 
to the center in the widthwise direction. Therefore, the differ 
ence at the correction sensors 201a and 201b can be used as a 
difference in rotation of the skew correcting rollers as it is and 
thus, complicated calculation for obtaining the skew correc 
tion amount of sheet is unnecessary. 

Next, when the leading end of the sheet reaches the leading 
end detection sensor 202 and the CIS sensor 203, the leading 
end position of the sheet (position of the leading end in the 
conveying direction) and the lateral end position (end posi 
tion in the widthwise direction) are detected, and the position 
detection information is sent to the control unit 130. The 
writing position by the laser unit 5 with respect to the photo 
sensitive member drum 12 is deviated so that an image is 
formed at a desired position on the sheet based on this infor 
mation, and the photosensitive member drum 12 is scanned 
by the laser unit 5 to form the image. Then, sheets whose 
interval between sheets and skew feeding are corrected are 
fed to the transfer position (image forming position), the 
image on the photosensitive member drum 12 is transferred to 
the sheet and thus, it is possible to transfer the image on the 
photosensitive member drum 12 to the sheet precisely. 

According to the embodiment, as described above, even 
when the skew feeding of sheet is dynamically corrected 
without stopping the sheet leading end after the pre-registra 
tion operation, it is possible to prevent the productivity from 
being deteriorated while maintaining high precision writing 
to the sheet. That is, it is possible to satisfy both the high 
precision writing position with respect to a sheet and the 
productivity. Even when sheets are continuously supplied, the 
sheets fed to the image forming position are corrected in 
interval between sheets and skew feeding and thus, the high 
precision writing on the sheet is maintained, and productivity 
is not deteriorated and is stable. 

In this embodiment, as described above, the transfer speeds 
of the skew correcting rollers 200a and 200b are reduced to 
speeds C. which are process speeds from speeds which are 
faster than process speed before the skew feeding of sheet is 
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corrected by the skew correcting rollers. Therefore, the skew 
feeding of sheet can be corrected more precisely thana case in 
which the skew feeding of sheet is corrected at the first speed 
B which is faster than the speed C. This will be explained in 
more detail. If the speed C. is 380mm/s and the speed? is 1000 
mm/s, and if the driving motors (stepping motors) 307a and 
307 b are driven at the revolution number of 3000 PPS, the 
correction resolving power thereof are 0.127 mm/step and 
0.333 mm/step. The precision is varied largely. Thus, if the 
stepping motor is decelerated before the skew feeding is 
corrected, the skew feeding of sheet can be corrected more 
precisely. 

In the control of correction of interval between sheets, 
correction control of interval between sheets when sheet is 
supplied obliquely will be explained using FIGS. 9 to 13. 
Here, concrete numeric values are shown as examples, i.e., 
A4-sized sheets are used, C-380mm/s, 92 PPM (A4), inter 
val between sheets is 37.8 mm, skew correcting roller 200a is 
advanced by 5 mm compared to the skew correcting roller 
2OOE. 

If the sheet interval control sensor (sheet interval control 
sensor 317) is provided at only one center location in the 
widthwise direction as shown in FIGS. 10 and 11, the distance 
between a rear end of a sheet S1 and a leading end of a sheet 
S2 at the center of the sheet in its widthwise direction is 37.8 
mm as shown in FIG. 10. However after the skew feeding is 
corrected by delaying the downstream side skew correcting 
roller 200a on the side of the leading end of the sheet S2 in the 
area T with respect to the skew correcting roller 200b by 5 
mm, the distance between the rear end of the sheet S1 and the 
leading end of the sheet S2 at the center of the sheet in the 
widthwise direction is increased (maximum distance between 
the sheet S1 and the sheet S2 becomes 40.3 mm), it becomes 
91 PPM and the productivity is deteriorated in this state. 

Hence, in this embodiment, as shown in FIGS. 9 and 12 to 
13, the two sheet interval control sensors 317a and 317b are 
provided at the same depth positions as those of the skew 
correcting rollers 200a and 200b in the widthwise direction of 
the sheet. The sheet interval control sensors 317a and 317b 
are provided on the same axis in the widthwise direction of 
the sheet and on the same straight line of the skew correcting 
rollers 200a and 200b in the sheet conveying direction. 
According to this structure, if the distance between the sheets 
S1 and S2 is adjusted not based on the distance between the 
sheets S1 and S2 at the center in the widthwise direction of the 
sheet, but based on the distance between the sheets S1 and S2 
at the sheet interval control sensor 317b (one side in the 
widthwise direction) which detected the leading end of the 
sheet S2 later (complicated calculation is unnecessary 
because of the same depth positions as those of the skew 
correcting rollers 200a and 200b), the distance between the 
sheets S1 and S2 on the side of the skew correcting roller 200b 
becomes 37.8 mm and the distance between the sheets S1 and 
S2 at the center in the widthwise direction of the sheet 
becomes 35.3 mm at a location out of the area Ras shown in 
FIG. 12. Then, after the skew feeding is corrected by delaying 
the leading skew correcting roller 200a on the side of the sheet 
leading end in the sheet S2 in the area T with respect to the 
skew correcting roller 200b by 5 mm, the distance between 
the sheets S1 and S2 on the side of the skew correcting roller 
200b is left 37.8 as it is as shown in FIG. 13, i.e., the distance 
between the sheets is stable and becomes 92 PPM, and it is 
possible to satisfy both the precise writing position to the 
sheet and the productivity. 

Although the copying machine is indicated as the example 
of the image forming apparatus in the above embodiment, the 
present invention is not limited to this, the image forming 
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apparatus may be a printer, a facsimile machine, a multifunc 
tion machine comprising a combination of the printer and the 
facsimile machine, and the like. If the present invention is 
applied to a sheet transport unit of Such an image forming 
apparatus, the same effect can be obtained. 

Although the electrophotographic type image forming 
method is employed in the embodiment, the invention is not 
limited to this, and other image forming methods such as an 
ink-jet method may be employed. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of priority from the 
prior Japanese Patent Application No. 2004-258389 filed on 
Sep. 6, 2004 the entire contents of which are incorporated by 
reference herein. 
What is claimed is: 
1. An image forming apparatus comprising: 
an image forming unit which forms an image on a sheet; 
sheet transportunit configured to convey sheets at a trans 

ferspeed that is the same as a transfer speed cc of a sheet 
in an image forming position where an image is formed 
on the sheet, and at a transfer speed B that is faster than 
the transfer speed C. 

skew correction unit configured to correct skew feeding of 
the sheet conveyed by the sheet transportunit and which 
feeds the sheet to the image forming position where the 
image is formed, and the skew correction unit includes a 
plurality of transfer rotation bodies whose sheet convey 
ing speed can be controlled independently, the plurality 
of transfer rotation bodies are provided on the same axis 
in a widthwise direction perpendicular to the sheet con 
veying direction, and 

sheet interval control unit configured to adjust a distance 
between a sheet and a next sheet by changing timing at 
which the transfer speed of the sheet is reduced from the 
transfer speed B to the transfer speed cc at an upstream 
side from the skew correction unit in a sheet conveying 
direction, the sheet interval control unit includes two 
sheet interval control sensors which detect the sheet 
leading end, the sheet interval control sensors are 
located on the same axis in the widthwise direction 
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perpendicular to the sheet conveying direction and each 
on the same straightline in the sheet conveying direction 
with respect to one of the transfer rotation bodies of the 
skew correction unit, 

wherein the sheet interval control unit controls the sheet 
conveying speeds of the plurality of transfer rotation 
bodies to adjust a distance between a rear end of the 
immediately preceding sheet and a leading end of the 
sheet based on detection information of the sheet inter 
val control sensor which detected the sheet leading end 
of a later side of the sheet in the widthwise direction 
perpendicular to the sheet conveying direction and the 
skew correction unit corrects the skew feeding of sheet 
to decelerate an advancing side of the sheet in the width 
wise direction perpendicular to the sheet conveying 
direction after adjustment of the distance by the sheet 
interval control unit. 

2. An image forming apparatus according to claim 1, 
wherein 

the sheet transport unit temporarily stops the sheets Sup 
plied from a sheet Supplying unit, starts conveying a 
sheet such that a distance between the sheet and the 
immediately preceding sheet becomes constant and con 
veys the sheets to the skew correction unit, and the sheet 
interval control unit corrects a deviation of distance 
between sheets generated while the sheets reach the 
skew correction unit from the stopped position. 

3. An image forming apparatus according to claim 1 
wherein 

said skew correction unit corrects the sheet skew by decel 
erating one of the transfer rotation bodies. 

4. An image forming apparatus according to claim 1, 
wherein 

the skew correction unit includes two correction sensors 
which detect a leading end of the sheet, the correction 
sensors are located in the vicinity of downstream sides of 
the transfer rotation bodies and on the same axis in the 
widthwise direction of the sheet, the skew correction 
unit uses a difference of detection of the sheet leading 
end by the correction sensors as a speed difference of the 
transfer rotation bodies. 


